-1 bentonite could be improving crop growth of cowpea and improve sandy soil fertility.
Introduction
Cowpea (Vignasinensis) is an individual of fabaceae family and one of the most essential vegetable crops in Egypt. Seeds represent a chief source of protein and carbohydrates content. It globally has a considerable rank in agriculture with about 270 million tons harvested of 12.2 million planted area ha -1 as a potential production. In Egypt, Cowpea consider as a main crop, where its planted area is about 0.178 million ha -1 with production is about 4.80 million tons (FAO 2013) .
Sandy soils are known to have a low productivity due to their poor physical and chemical properties. Incorporation of soil conditioners to these soils was reported to create a favorable environment for plant growth, such as sufficient aeration, suitable retention of water and nutrients as well as restricting the formation of surface crust (Asady et al.1985; Stone,1985) .
Likewise, organic manures, composts and bentonite have been used in Egypt as natural soil conditioners which for reclaiming sandy soils. Bentonite is a rock containing mainly 2:1 clay mineral montmorillonite, a member of the semectite family which has been recognized in many countries as a good amendment to improve such infertile sandy soil Benkhelifa et al. (2008) . Czaban et al. (2013) found that, the addition of bentonite at rates of 3,6 and 12kg/m 2 of soil significantly improved soil structure and increased the amounts of nitrogen and organic matter in sandy soils. According to Mi et al. (2017) , the addition bentoniteas amendment on soil hydraulic parameters and millet crop performance in a semiarid region significantly increased above-ground biomass and grain yield and improved water use efficiency. They stated that increases ranges were 2 to 39, 3 to 20 and 0 to 29% for aboveground biomass increases, grain yield and water use efficiency. They add that the application of 24 Mg ha -1 bentonite recorded the greatest effect over five years with maximum rate of 30 Mg ha -1 A FIELD experiment was conducted twice at the farm of Environmental Studies and Research Institute, Sadat City University, Egypt, during the two consecutive seasons of 2015 and 2016 to study the effect of different additives of bentonite (i.e., 0, 3, 6 and 9 t fed -1 ), and microbial inoculation with Bradyrhizobium sp. and Azospirillum brasilense either alone or mixed on vegetative parameters, enzyme activity and yield of cowpea plants. Results revealed that co-inoculation treatment and addition of 9 Mg fed -1 bentonite significantly enhanced plant height, number of branches, fresh and dry weight of plant in both seasons compared with the control at 60 days from sowing and this increase reflected on enzyme activity which attained 25.56, 27.66 µmol/ C 2 H 4 /h/g dry nodules and 50.93, 54.57 µg TPF/g dry soil/h for nitrogenase (N 2 -ase) and dehydrogenase in the two growing seasons, respectively. On the other hand, the highest total seed yield of cowpea was recorded from use the co-inoculation with 9 ton ton/fed which was 0.679 and 0.682 Mg fed -1 for seed yield and 0.316, 0.324 Mgfed -1 for straw yield during 2015 and 2016 seasons, respectively. Consequently, it is to recommend that mixture inoculate with Bradyrhizobium sp. and Azospirillumbrasilense and addition of 9 Mg fed According to Xie et al. (2009 ), Tejada et al. (2011 and Omara et al. (2017) , the assessment of soil dehydrogenase activity (DHA) indicated the microbial activity as indicator of soils quality as well as for determining the various factors that affect the microbiological quality of soils such as different application of pollutants like pesticides or excessive fertilizers usage. Also in such context, the determination of dehydrogenase activity DHA in the soil samples could potentially give us useful and large amount of information about biological characteristic of the soil because it is influenced by various other factors present in the soil environment, like moisture, availability of oxygen, reduction-oxidation potential, pH, content of organic matter, the soil profile depth, temperature, season of the year and heavy metal contamination (Wolińska and Stępniewska 2012) .
Therefore, the objectives of the current study were to investigate the effect of three levels of bentonite and microbial inoculation either alone or mixed on cowpea vegetative growth characteristics, enzyme activity and yield.
Materials and Methods
Two field experiments were executed at the farm of Environmental Studies and Research, Institute, Sadat City University during the two consecutive summer seasons of 2015 and 2016, under system of drip irrigation, to study the effect of bentonite rate amendments (0,3,6 and 9 Mg/ fed) as a soil conditioner and bacterial inoculation Bradrhizobium sp. and Azospirillumbasilenes either alone or mixed on vegetative growth, yield and microbial activity in the rhizosphere of cowpea cv. Kareem 7 under sandy soil conditions.
The site is located (Latitude 30°2′41.185″N; Longitude 31°14′8.1625″E), which is characterized by a semi-arid climate with moderate cold winters and warm summers. Physical and chemical properties of experiment soil used in experiment were determined according to the methods of Page et al. (1982) and their data are presented in Table 1 . The experiment was performed in a spilt plots design in three replications. All treatments received the recommended dose of superphosphate (15.5% P 2 O 5 ) at a rate of 200 kg / fed., potassium sulfate (48% K 2 O) at a rate of 50 kg/fed before sowing (as one dose). Nitrogen fertilizer application added as a form of ammonium nitrate (33.5% N) at rate 60 Kg/ fed (full dose) to control only. The rest of the treatments added half of the recommended dose of nitrogen fertilizer. Added at two equal doses, the first at three weeks after sowing, the second after 15 from the previous one.
Data recorded
Vegetative growth character Three plants were taken randomly from each replicate at flowering (60 days after sowing) to measure the following vegetative characters i.e. plant height (cm), number of branches, fresh and dry weight/plant (g).
Yield component
Weight of 100 seed, seed yield (ton/fed) and straw yield (ton/fed) were determined.
Enzyme activities
Fresh samples (soil and roots) were collected to determine enzyme activities.
-Dehydrogenase activity (DHA) was determined as described in Friedel et al. (1994) after soil incubation at 37°C for 24h with 2,3,5-triphenyl-tetrazolium chloride (TTC) and the red color of triphenyl formazan (TPF) absorbance was measured at 546 nm using spectrophotometer.
-Nitrogenase activity (N 2-ase) was measured according to (Turner and Gibson, 1980) .
Statistical analysis
All recorded data were subjected to ANOVA to identify significant treatments and/or interaction effects by 'F test' using the SAS program (SAS Systems for Windows, release 9.2, SAS Institute, Cary, NC, SAS, 2003) . Mean separation between the significant treatments was calculated by L.S.D.
Results and Discussion

Vegetative parameters of cowpea plants
Data in Table, 2 and 3 show the effect of bentonite amendment and bacterial inoculation and their interaction on plant height, number of branches and fresh and dry weight/plant. All the studied vegetative growth characters showed significantly increases with adding bentonite level up to 9 t fed -1 which scored significantly highest increase with all tested parameters. The highest level 9 t/fed scored the tallest plants in both seasons but they were non-significant with using 6 t fed -1 . Also, the highest level of bentonite amendment gave the high number of branches and weight of plants compared with zero amendment.
In this respect, Shalaby et al. (2005) Concerning the effect of microbial inoculant results in Table 2 exhibited that, mixture inoculation was significantly increased number of branches and fresh and dry weight of plant compared to other treatment, Azospirillum inoculum scored tallest plants. On the other hand, the lowest recorded of the previous characters achieved from un-inoculated control. Similar results were reported by Hungria et al. (2010) for maize and wheat crops individually inoculated with Azospirillum strains which recorded an increase ranged from 24 to 30%and 13-18% in grain yields of maize and wheat as compared with non-inoculated control. In field experiments, the yield of maize and wheat raised up by 27 and 31%, respectively by liquid and peat-based inoculants carrying a combination of A. brasilense strains. Such effects, duo to inoculation, could be attributed to general increments in uptake of various macro and micronutrients rather than to biologically fixed nitrogen. According to Turan et al. (2014) , treated cabbage seedlings with PGPRs stimulate the growth in terms of fresh and dry weights of shoot and root, stem diameter, seedling height, chlorophyll values and leaf are as eedlings as compared with the un-inoculated control. Also, Ojeda-Quintana et al. (2016) found that inoculation of Megathyrsusmaximus seeds with Azospirillumlipoferum increased dry matter. They concluded that this biopreparation can be an alternative to mineral fertilization. Table 3 represent the interaction effect between bentonite amendments and bacterial inoculation on plant height, number of branches, fresh and dry weight of cowpea plants cultivated in sandy soil. There were significant interactions between treatments for above mentions traits. The highest characters obtained with adding 9 ton bentonite with mixture inoculation compared to individual inoculation by bradyrhizobium or Azospirillum. The promotive effect of mixture Mishra et al. (2012) pointed out that, co-inoculation of PGPRs with Rhizobium leguminosarum significantly increased nodulation and plant biomass by 156.2 and 57.1%, respectively. Furthermore, co-inoculation enhanced total chlorophyll content, available iron, total iron, leghaemoglobin, N, P and K uptake of shoots by 31.5, 106.7,95.9, 17.5, 66.3, 23 .3 and 47.1%, respectively, as compared with uninoculated control.
Data of
Nitrogenase and dehydrogenase activities
Nitrogen fixation (N 2 -ase) of cowpea root nodules and dehydrogenase activity in the rhizosphere as affected by bentonite amendments and microbial inoculation and their interactions are illustrated in Fig. 1,2 and 3 . Figure 1 showed significant increases with increasing bentonite amendments which stimulated microbial activity in soil, the highest activity of N 2 -ase and DHA were found by adding 9t / fed in two seasons. It recorded 15.65 and 16.13 µmol/ C 2 H 4 /h/g dry nodules for N 2 -ase and 38.07and 40.40 µg TPF/g dry soil/h for DHA, during 2015 and 2016 growing seasons, respectively. On the other hand, the lowest values were scored with control (0 bentonite). Incorporation bentonite improved physical and chemical soil properties. Results illustrated in Fig. 3 show the relationship between incorporation bentonite and biofertilizers with microbial activities DHA and N 2 -ase activity These results are in harmony with those obtained by Umer and Rajab (2012) were found that, application of organic matter to soil enhancement soil aggregate and caused positive correlation between soil respirations, microbial biomass with soil aggregate stability. Also, Mi et al. (2017) show bentonite amendments significantly increased above-ground biomass from 2 to 39% and grain yield from 3 to 20%, as well as improved water use efficiency 29 % through five years.
Concerning the effect of microbial inoculation on enzyme activities are presented in Fig. 2 , inoculation by bradyrhizobium sp. or Azospirillum significantly increased soil enzyme activity. The highest activity was significantly with the treatment co-inoculation compared to single inoculation and uninoculated. Increases above control with co-inoculation were 150.4, 140.86, 158.76 and 149.35 % for N 2 -ase and DHA activity in two seasons, respectively. Concerning the effect of interaction between bentonite and biofertilizers, there were significant interactions between treatments for two enzyme activity. The best interaction was found with co-inoculation and 9 ton bentonite amendment, which gave 25.56, 27.66µmol/ C 2 H 4 /h/g dry nodules and 50.93, 54.57 µgTPF/g dry soil/h for N 2 -ase and DHA in two seasons, respectively. Also, Fig. 3 shows the correlation positive between soil amendment and enzyme activity in the rhizosphere. Similar results were also reported by Tallai (2011) who studied the effect of bentonite and zeolite on microbial activity in sandy soil. Who found that, adding bentonite at rate 10 t/ha -1 and zeolite at rate 5 t/ha -1 increased total microbial count and stimulated enzyme activities, urease, phosphatase in sandy soil. Jarvan et al. (2014) showed that addition of organic matter increased DHA in soil by 22.7% over control. In this concern, ElHoweity and Abdel Gawad (2017) found that, mixed inoculation with Bradyrhizobium and cyanobacteria improved dehydrogenase activity in the rhizosphere of soybean plants under field conditions.
Yield of cowpea plants
The response of cowpea yield and its attributes to bentonite amendments and microbial inoculation by Bradyrhizibiom sp. or Azospirillum sp. and co-inoculation are illustrated in Tables 4  and 5 . Results showed that cowpea seed and straw yield and 100 seed weight were significantly affected by bentonite amendment. Increasing bentonite rates from 3 to 6 up to 9 t/fed caused significant increases in seed yield (t/fed) and 100 seed weight. In the other hand, increases in straw yield were significant compared to control but insignificant increases between bentonite levels.
Increases in seed yield may be introduction Arafa et al. (2015) found that, application of bentonite at rate 12 ton/ fed significantly increased all vegetative growth characters and yield of cowpea cultivars grown in sandy soil.
The response of cowpea yield and its attributes to inoculation with Bradyrhizobium and Azospirillumindividually and co-inoculation is listed in Table 4 . Results showed that cowpea yield and its attributes were significantly affected by microbial inoculation. Co-inoculation with Bradyrhizobium and Azospirillum caused highly significant increases in seed yield (ton/fed), straw yield (ton /fed) and 100 seed weight(g) in the 2 nd season. Results of the interaction effect between bentonite amendment and microbial inoculation on the above characters of cowpea are presented in Table 5 . The highest total seed yield of cowpea was recorded from use the co-inoculation with 9Mg/fed which was 0.679, 0.682, 0.316, 0.324 Mg/fed for seed and straw yield in the two growing seasons, respectively. However, these increases were pronounced with adding 6 ton bentonite with co-inoculation gave 0.667, 0.682, 0.308 and 0.308 Mg/fed for seed and straw yield in two seasons, respectively. In this concern, El-Howeity (2008) found fresh and dry weights of shoot and root of phaseolus plants as well as improvement the ability for water absorption increased due to Azospirillum inoculation. Zahir (2011) referred that co-inoculation increased lentil growth, nodulation and yield compared to single inoculation under pot and field conditions. Also, El-Howeity (2012) found that the application of yeast and Aminokem as bio-organic amendments with or without mineral fertilizers showed increases in N, P, K contents and Ca in leaves of Valencia orange seedlings. Abdel- Aziz (2013) reveled that using microbial inoculation with Azospirillum sp., Trichoderma sp. Bacillus megaterium and Pseudomonas fluorescens as mixtures enhanced cowpea yield and its attributes compared to single inoculation and control. This result agreed with the study of Chatterjee and Bandyopadhyay (2017) in that the inoculation of cowpea with (Rhizobium + PSB) significantly increased the growth and yield compared to uninoculated plants.
Conclusion
Microbial inoculation with mixture of Bradyrhizobium and Azospirillum as well as addition of 9 ton/fed bentonite as a soil amendment significantly increased vegetative growth, enzymes activity and yield of cowpea plants cultivated in sandy soil in both growing seasons compared to control. The over-all results of the present study suggest that microbial inoculation and bentonite amendment could be improving crop growth and improve sandy soil fertility.
